The essential oils obtained by hydrodistillation from the leaves of five species of Annonaceace grown in Vietnam were analyzed by gas chromatography (GC) coupled with mass spectrometry (GC/MS). The main constituents of Artabotrys hongkongensis Hance were the sesquiterpenes spathulenol (13.1%), β-caryophyllene (6.6%), -elemene (6.3%) and -cadinene (6.3%). β-Caryophyllene (12.1%), bicycloelemene (11.2%) and bicyclogermacrene (11.6%) were the predominant components of the oil of Melodorum fruticosum Lour, whereas the oil of Polyalthia longifolia var. pendula Hort was comprised mainly of β-caryophyllene (30.0%), α-zingiberene (21.7%), aromadendrene (15.2%) and β-selinene (9.1%). The main constituents of Fissistigma maclurei Merr. were germacrene D (26.1%), α-terpinene (8.2%), spathulenol (10.0%), and bicyclogermacrene (6.6%), while α-santalene (14.3%), β-caryophyllene (6.3%), terpinen-4-ol (6.3%), caryophyllene oxide (5.7%), trans-α-bergamotene (5.3%) and allo-ocimene (5.3%) were identified in significant quantity from Fissistigma rufinerve (Hook.f. & Thomson) Merr.
Vietnam is blessed with many medicinal plants. Literature information has shown that the essential oils of these plants have received little chemical analysis. In view of this, we report herein the essential oil constituents of five species of Annonanaceae from Vietnam [1] . The genus Artabotrys has about 100 species in the Paleotropics [2] . A. hongkongensis Hance, a shrub that grows up to 8 m tall, flowers between May and August. Little is known about the chemistry of this plant, but other species of the genus are known to contain biologically active compounds [3] [4] [5] .
The genus Melodorum comprises about 55 species that are widely distributed through Indo-China, Malaysia and Australia. White Cheesewood, M. fruticosum Lour., is a plant native to South-East Asia. This plant has a cream-colored flower with a single, alternate leaf. It gives out a pleasant fragrance, especially in the evening. It also has medical uses as a tonic and mild cardiac stimulant and hematinic [6] . Several biologically active compounds have been isolated from this species [7, 8] . Many Melodorum species are aromatic trees with a characteristic smell, but reports on their volatile components are not readily available in the literature. A handsome ornamental is the weeping form of the mast tree, Polyalthia longifolia var. pendula Hort. It is a lofty evergreen tree, commonly planted due to its effectiveness in alleviating noise pollution. The tree is known to grow over 9 m in height. Extracts and compounds isolated from the plant have been reported to possess a number of biological activities [9] [10] [11] , but there is only one literature report on its volatile oil components [12] .
Both Fissistigma rufinerve (Hook. f. et Thoms.) Merr. and F. maclurei Merr. (syn. Meiogyne maclurei Sinclair) are climbers that grow up to 6 m tall. Little is known about the chemistry of these plants, but a number of biologically active compounds have been characterized from other species in the genus [13, 14] .
The plant samples yielded low contents of essential oils: 0.10%, v/w; A. hongkongensis; light yellow; 0.12%, v/w; M. fruticosum; light yellow; 0.15%, v/w; P. longifolia var. pendula; light yellow, 0.15%, v/w; F. maclurei ; light blue, and 0.15%, v/w; F. rufinerve; light yellow, calculated on a dry weight basis.
The chemical compositions of the oils are summarized in Table 1 . The major compounds identified from A. hongkongensis were spathulenol (13.1%), β-caryophyllene (6.6%), -cadinene (6.3%), -elemene (6.3%) and benzyl benzoate (5.6%). The compositional pattern of this oil differs from previous studies on other species in the genus. Giang et al. [15] identified the main compounds of Artabotrys hexapetalus as β-caryophyllene (11.4%) and caryophyllene oxide (31.5%) while Rang and Houng [16] reported an abundance of caryophyllene oxide (36.2%), α-copaene (10.9%), β-caryophyllene (7.8%) and β-asarone (6.1%) in the same oil. On the other hand, the oil of A. vinhensis [17] was found to be rich in α-pinene (16.7%), limonene (15.4%), germacrene D (14.4%), benzyl benzoate (8.8%) and β-pinene (7.5%). However, compounds such as cyperene, cypernone and 1,5-epoxysavial-4(14)-ene, which were the major components of other Artabotys species [18] [19] [20] , were conspicuously absent in this oil sample. From Table 2 , the oil of this species could be classified into a group whose chemical constituents were dominated by sesquiterpenes.
The leaf oil of M. fruticosum was dominated by sesquiterpenoid compounds (89.2%). The main constituents of the oil were β-caryophyllene (12.1%), bicyclogermacrene (11.6%) and bicycloelemene (11.2%). Other significant components were benzyl benzoate (6.1%), β-cubebene (5.5%) and spathulenol (4.9%). The main components of the flower oil of M. fruticosum from Thailand [21] were 1-pheny butanone (20.5%), benzyl alcohol (8.7%) and linalool (9.3%), while another author [22] , by using three different fibers in an SPME extraction method, identified β-phellandrene NPC Natural Product Communications [12] have reported high quantities of cadinene (24.5%), zingiberene (19.6%) and aromadendrene (19.1%) in the oil. However, -cadinene was conspicuously absent in our result, while caryophyllene was identified in low quantity in a previous study [12] .
From Table 4 , four chemical forms of the oils of Polyalthia species may be proposed. These are oils with an abundance of sesquiterpene hydrocarbons, such as P. longifolia var. pendula [12] , P. longifolia [24] , P. suaveolens [25] and P. nitidissima [26] ; oils with relative large amounts of hydrocarbon and oxygenated sesquiterpenes, as exemplified by P. australis and Polyalthia sp.
(Wyvuri B.P.) [26] ; oils dominated by oxygenated sesquiterpenes, as seen in P. michaelii [26] ; and oils consisting of monoterpene hydrocarbons, as found in the fruit of P. suaveolens [25] and P. nitidissima [26] .
Essential oils from the leaves of five species of Annonaceace grown in Vietnam Natural Product Communications Vol. 8 (2) 2013 241 The major compounds of the oil of F. maclurei were germacrene D (26.1%), spathulenol (10.0%) and α-terpinene (8.2%), but there were also significant quantities of bicyclogermacrene (6.6%), β-caryophyllene (6.5%) and -muurolol (5.9%). On the other hand, α-santalene (14.8%), β-caryophyllene (6.3%), terpinen-4-ol (6.3%), caryophyllene oxide (5.7%), trans-α-bergamotene (5.8%) and allo-ocimene (5.8%) were present in higher amounts in F. rufinerve. The authors have found no literature information on the volatile oil content of these species and, as such, this may represent the first of its kind. However, the volatile constituents of some Fissistigma species from Vietnam have been reported. The oil of F. thorelii [27] was dominated by -terpinene (22.0%), β-phellandrene (7.3%), bicyclogermacrene (7.2%) and (Z)--ocimene (6.4%), while F. bracteolatum was characterized by a high content of myrcene (83.0%). On the other hand, (E)--ocimene (10.2%), -caryophyllene (23.7%) and -cadinene (27.2%) were the major components of F. oldhamii, while F. polyanthoides was rich in -phellandrene (8.3%), -phellandrene (14.3%) and (E)--ocimene (43.4%).
Fissistigma rubigirosa [28] produced an oil in which the main components were (E)--ocimene (21.4%) and -cadinene (13.3%). Therefore, the volatile oils of Fissistigma growing in Vietnam are thought to exist in three chemical forms namely; oils dominated by sesquiterpenoid compounds (F. maclurei, F. rufinerve and F. oldhamii); oils rich in monoterpenoid compounds (F. bracteolatum and F. polyanthoides), and oils with relatively large amounts of monoterpenes and sesquiterpenes (F. thorelii and F. rubigirosa).
Sabinene, bicycloelemene, -caryophyllene, bicyclogermacrene and aromadendrene were the five compounds common to the oil samples. The content and composition of essential oils depends on the origin, environmental conditions, phenological stage, plant parts analyzed, harvesting time and processing methods [1] . Some of these factors may have been responsible for the observed variations in the oil contents when compared with other species from other parts of the world. Extraction of the oils: About 0.5 kg of air-dried sample of each species was shredded and their oils obtained by hydrodistillation for 3h at normal pressure, according to the Vietnamese Pharmacopoeia [29] .
Experimental

Analysis of the oils:
About 15 mg of each oil sample, which was dried with anhydrous sodium sulfate, was dissolved in 1 mL of nhexane (for spectroscopy or chromatography). Gas chromatography (GC) analysis was performed on an Agilent Technologies HP 6890 Plus Gas chromatograph equipped with a FID and fitted with HP-Wax and HP-5MS columns (both 30 m x 0.25 mm, film thickness 0.25 m, Agilent Technology). The analytical conditions were: carrier gas H 2 (2 mL/min), injector temperature (PTV) 250 o C, detector temperature 260 o C, column temperature programmed from 60 o C (2 min hold) to 220 o C (10 min hold) at 4 o C/min. Samples were injected by splitting and the split ratio was 10:1. The volume injected was 1.0 L. Inlet pressure was 6.1 kPa. Each sample was analyzed thrice.
An Agilent Technologies HP 6890N Plus Chromatograph fitted with a fused silica capillary HP-5 MS column (30 m x 0.25 mm, film thickness 0.25 m) and interfaced with a mass spectrometer HP 5973 MSD was used for the GC/MS analysis, under the same conditions as those used for GC analysis. The conditions were the same as described above with He (2 mL/min) as carrier gas. The MS conditions were as follows: ionization voltage 70eV; emission current 40 mA; acquisitions scan mass range of 35-350 amu at a sampling rate of 1.0 scan/s. The MS fragmentation patterns were checked with those of other essential oils of known composition with Wiley (Wiley 9 th Version), NIST 08 Libraries (on ChemStation HP), with those in the literature, and also with 242 Natural Product Communications Vol. 8 (2) 2013
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standard substances. The identification of constituents was performed on the basis of retention indices (RI) determined with reference to a homologous series of n-alkanes, under identical experimental conditions, co-injection with standards (Sigma-Aldrich, St. Louis, MO, USA) or known essential oil constituents, MS library search (NIST 08 and Wiley 9 th Version), and by comparing with MS literature data [30] [31] [32] . The relative amounts of individual components were calculated based on the GC peak area (FID response) without using correction factors.
